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Abstract 
 
Marathon training improves perceived stress, self-efficacy, and aerobic 
fitness in adolescents. 
 
Kathryn Parvin Brown, MSKin 
The University of Texas at Austin, 2015 
 
Supervisor:  John Bartholomew 
 
Lack of physical activity among adolescents in the United States is leading to a 
concerning pattern of mental and physical health outcomes.  Physical activity 
interventions, especially those that take place during school hours, have attempted to 
combat this trend but results have been inconsistent.  The current study is a program 
evaluation of an existing physical activity intervention designed to train adolescents to 
complete a half or full marathon within five months.  No previous studies have examined 
this mode of physical activity in the adolescent population, but anecdotal responses to 
this program justify a quantitative analysis. Results showed that participants who 
completed the program significantly increased their aerobic fitness.  Participants also 
significantly reduced their perceived stress, and significantly increased their enjoyment 
and self-efficacy for exercise. The results are discussed in the broader context of 
adolescent physical and psychological health, and recommendations are made for future 
research. 
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Introduction 
HEALTH OUTCOMES RELATED TO PHYSICAL ACTIVITY 
A lack of physical activity among adolescents represents a serious public health 
concern. The United States Centers for Disease Control recommends that children and 
teens accumulate 60 minutes of physical activity per day, and currently estimates that less 
than 30% of high school students in the U.S. are meeting this recommendation. Older 
adolescents (ages 16-19) engage in less moderate-to-vigorous physical activity (MVPA) 
than younger teens (12-15 years), and females engage less often than males. Among 
minority ethnic groups, only 29.8% of Hispanic adolescents report engaging in 5 or more 
bouts of MVPA per week. Within this group, just 19.5% of females report meeting this 
goal (Gordon- Larsen et al., 1999). 
The impact of a lack of physical activity has been widely examined, and the 
research has revealed a grave pattern of effects. Inactivity or a sedentary lifestyle is 
associated with type II diabetes, obesity, and poor cardiorespiratory (aerobic) fitness.  
Poor aerobic fitness is a strong predictor of premature mortality, as strong a predictor as 
smoking, high cholesterol, and high blood pressure (Lakka et al., 2003).   Unsurprisingly, 
the corollary to this relationship states that individuals who engage in physical activity 
have a reduced incidence of cardiovascular disease (CVD), type II diabetes, obesity and 
hypertension (Hallal et al., 2006; Autenrieth et al., 2011).  
Warburton et al. (2006) provided a comprehensive meta-analytic overview of the 
relationship between physical activity and risk of cardiovascular-related death, diabetes, 
and cancer. This review established that physical activity is important not only for 
managing these disease conditions, but also for preventing them. Specifically, 
cardiovascular-related death relative risk decreased by 20-35% in individuals who 
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reported increased physical activity.  A similar pattern was seen between physical activity 
and diabetes development and cancer diagnoses.  
The relationship between physical activity and physical health outcomes is 
complemented by research on the relationship between physical activity and 
psychological outcomes. Mental health issues are of great concern in the adolescent 
population, and impact a large number of teens in the United States.  Data obtained 
through the National Comorbidity Survey-Adolescent Supplement shows that 31.9% of 
adolescents suffer from anxiety disorders, 19.1% suffer from behavior disorders, and 
14.3% suffer from mood disorders (such as depression) (Merikangas  et al., 2010).  
Hispanic adolescents exhibit higher rates of mood disorders than non-Hispanic white 
adolescents.   
A review of mental health outcomes and physical activity interventions by Biddle 
and Asare (2012) included interventions designed to address depression and anxiety, 
among others.  The review revealed that physical activity interventions have small 
benefits for individuals experiencing depressive episodes, and/or anxiety, but that the 
evidence base is minimal. Interestingly, this review did not include articles about the 
relationship between physical activity and stress.  In an earlier meta-analysis of correlates 
of physical activity among adolescents, Sallis et al. (2002) revealed that among the many 
factors associated with physical activity, stress was an understudied, but important issue. 
Only a single study included measures of adolescent stress, (Norris et al., 1992) and its 
results revealed that exercise participation is linked with lower stress levels, and lower 
rates of depression. Research on non-adolescent populations has revealed that moderate 
intensity and vigorous intensity exercisers were significantly less likely to identify 
themselves as “highly-stressed” (48% and 60% less likely, respectively), than low-
intensity and non-exercising counterparts (Jonsdottir et al., 2010). Additional research 
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suggests that physical activity may serve as a buffer against negative life stress (Salmon, 
2001).   
SOURCES OF PHYSICAL ACTIVITY FOR ADOLESCENTS 
Given physical activity’s relationship with both physical and mental health, it is 
important that adolescents accumulate recommended levels of physical activity.  
Opportunities for physical activity in adolescence include school-based programs, such as 
physical education (PE) classes, school sports, and recess, as well as community based 
recreational sport and activity programs. However, access to these opportunities is not 
equal across the adolescent population.   
In the United States, only six states currently have legislation that mandates that 
students participate in 150 minutes per week of physical education (Slater et al., 2012), 
and another 17 states merely “suggest” PE participation.  According to the CDC, 52% of 
adolescents did not attend PE class at all in 2013 (CDC YRBS 2013). Unfortunately, 
even within states that do require PE, the actual activity rates among adolescent 
participants are not encouraging; students in PE class only averaged 19 minutes of 
MVPA per class session (Coe at al., 2006).  Thus physical education must be 
supplemented by other interventions for children to achieve recommended levels of 
activity.   
Youth sports have become increasingly popular in the United States, and many 
represent a source of appropriate physical activity volume for participants. Unfortunately, 
sport participation varies across socio-economic classes (SES).  Children of high-SES 
families are more likely than their low-SES counterparts to participate in organized 
sports, and low-SES adolescents are more likely to spend time being sedentary 
(Fairclough, et al. 2009). The mechanism for the differential sport participation may be 
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the cost associated with organized sports; paying to play may not be a realistic option for 
low SES adolescents.  
PAST PHYSICAL ACTIVITY INTERVENTIONS 
Based on the declining rate of physical activity and PE participation among 
adolescents, interventions were designed to target physical activity during the school day.  
This is a logical design, as children spend the majority of their waking hours in a school 
environment.  Past interventions have included a variety of protocols designed to increase 
physical activity (primarily MVPA) during school hours. Metcalf et al. (2012) conducted 
a meta-analysis on the effectiveness of physical activity interventions among children and 
adolescents and determined that the effects these interventions were “small to negligible” 
on total physical activity volume. Dobbins et al. (2013) further supported these findings; 
at best, school-based PA interventions may have a small to moderate impact on the 
amount of MVPA accumulated.  
The limited effectiveness of physical activity interventions may be caused by a 
number of factors. First, schools often identify competing interests as a barrier to physical 
activity (Slater et al., 2012).  In the American education system, there is currently great 
pressure on schools and educators to provide as much curriculum time as possible to 
students to ensure adequate performance on standardized tests.  Given this, it may make 
more sense to tailor physical activity interventions to after-school hours. Such 
interventions have been found to have a moderate effect size on physical activity volume 
and fitness (Heath et al., 2012, Beets et al., 2009).  
The second limitation of many physical activity interventions is a practical one: 
resource intensive protocols limit their real-world applicability.  For example, a large-
scale school-based physical activity intervention (n = 2840) included a protocol that 
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supplied sports equipment such as jump ropes, Frisbees, balls, etc. to participating 
schools.  In addition, students used computer software tailored toward increasing 
knowledge about healthy behaviors (Haerens et al., 2007).  This is just one example 
among many interventions that employ similar designs.  Unfortunately, without the 
funding and equipment provided by the researchers, physical activity behaviors would 
not have been impacted. It is simply not scalable to provide these resources to every 
school or student who could benefit from a physical activity intervention.  
 A third limitation of past interventions is that a lack of uptake among participants 
may be to blame for the minimal or non-existent effects (Dobbins et al., 2013). It is 
possible that the mechanism to explain the lack of uptake can be found in a brief 
examination of barriers to physical activity among adolescents. Barriers to physical 
activity include anything that prevents an individual from engaging in the behavior. 
Support for (and barriers to) physical activity can be categorized into two underlying 
mechanisms: tangible, and intangible (Beets et al., 2010).  Tangible barriers to physical 
activity include lack of financial and operational support for physical activity, including 
transportation to practice, and paying for participation.  Intangible barriers include lack of 
motivational support and encouragement. For those students who experience either 
tangible or intangible barriers, physical activity behavior is likely undermined. 
Intangible support for physical activity behavior is key to the development of self-
efficacy.  Self-efficacy is the perception an individual has towards achievement of their 
goals, (Bandura, 1977). Specific to physical activity and exercise, physical activity self-
efficacy (PASE) is the perception of an individual’s ability to carry out a specific physical 
activity task such as running for a prescribed amount of time. An individual with a higher 
self-efficacy towards physical activity has been demonstrated to be more apt to 
participate in physical activity for both acute and chronic engagement (Hagger et al., 
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2002). Self-efficacy is especially important in the adolescent population because these 
individuals are approaching a time in their lives where their behavioral control is 
increasing. Previously, parents and teachers managed behavior, but as children age, they 
begin to have more intentionality over their actions (Bandura, 2006).  The choice to 
engage in a behavior, such as physical activity, is dependent (in part) on their feelings of 
efficacy about the specific task. Self-efficacy is the product of several sources, which 
include individual performance, vicarious experience, and persuasion, among others 
(Schunk and Meece, 2006).  One of the shortcomings of past physical activity 
interventions has been a failure to target self-efficacy (Beets et al. 2009).     
Past physical activity interventions have been limited by their setting (school), 
scalability, and by their failure to target self-efficacy development. In the present 
research, we examined an existing after-school program that requires very little 
operational support, and naturally targets self-efficacy through its program design.  The 
program guides participants through the process of training and completing either a half 
or full marathon within five months.  The Marathon High program presents physical 
activity in an environment primed to encourage self-efficacy among its participants.  
Specifically, coaches model desirable physical activity behaviors, from which 
participants learn about success.  This represents the vicarious experiences factor 
discussed above.  Students then go on to participate in a graded exercise protocol that 
demonstrates (through manageable short-term goals) how to be successful in sticking to 
an exercise program. Short-term goal achievement helps to build positive personal 
experiences, which encourages sustained participation. Increased self-efficacy aids in the 
completion of the program, as well as in the development of long-term healthy habits 
regarding exercise. 
 7 
CURRENT INTERVENTION AND HYPOTHESES 
Marathon training is a unique physical activity intervention because unlike 
school-based or game centered approaches running does not require special equipment, 
support, or skill.  Participation in marathon training is open to individuals of all fitness 
levels, though this program primarily attracts individuals who do not participate in any 
other organized sport or physical activity. Support for a running protocol for use with 
adolescents has been supported in previous literature, and it was demonstrated that 
participating in a similar program yields positive life-long behavior patterns (Tammelin 
et al., 2003). It is important to note that among all the previous research on physical 
activity patterns in adolescents, and corresponding interventions, none to our knowledge 
has examined the unique physical activity mode of marathon training.  
The research presented here directly examines the aerobic fitness effects and 
psychological impacts of marathon training in adolescents.  We hypothesized that 
participants who completed the Marathon High program would exhibit significant 
improvements in aerobic fitness, as measured through timed-mile runs.  Additionally, we 
hypothesized that participation would yield positive psychological impacts on perceived 
stress level, exercise self-efficacy, and enjoyment of exercise. 
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Methods 
PROGRAM 
Marathon High is a free, afterschool exercise program directed at adolescents who 
would not otherwise engage in organized physical activity due to the barriers discussed 
previously.  The organization is a not for profit entity, with private funding.  Professional 
running coaches guide students through a five-month graded aerobic training protocol, 
with the ultimate goal of each student completing either a half or full marathon at the 
program’s conclusion.  At the outset of each program year (September), students are 
introduced to distance running through practices held three times per week.  As the 
program progresses, the volume of exercise increases- up to 300 minutes of MVPA per 
week.   In the first two years of the program, 67 students completed the half marathon, 
and 53 students finished the full marathon.  The number of finishers shows that there is 
likely a fitness effect of participation, however such an effect has not previously been 
formally assessed. 
Marathon High began as a way to teach children about healthy lifestyles and goal 
setting behavior through distance running. Over the initial two years of the program, the 
participants consistently communicated positive anecdotal experiences, but no objective 
measures were utilized to capture the program’s impact. Thus, the current study was 
designed to quantify the fitness effects and psychological impacts of Marathon High.    
Participants were recruited from five middle schools (two private, three public) 
and five high schools (one private, four public) in central Texas. The school districts 
included were 79.16% Hispanic, and 81.13% of students in those schools were 
economically disadvantaged.  Because this research was an assessment of an existing 
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intervention, neither randomization of student nor school was possible.  All ten 
participating schools had a Marathon High program, open to all students at their 
respective schools.  
MEASURES 
The Perceived Stress Scale was used to measure stress, and has a Cronbach’s 
alpha reliability coefficient of .89 (Cohen et al., 1983, Roberti et al., 2006).  The PSS is a 
ten-item measure that asks individuals to respond to statements using a five-point Likert-
type scale anchored by 0 (“never”) to 4 (“very often”).  Items include statements such as 
“In the last month, how often have you felt nervous and stressed?” and “In the last month, 
how often have you been able to control irritations in your life?” among others.  Reverse 
scoring is used on 4 of the ten items, and a summation score is calculated for each 
participant, ranging from 0 to 40, with a higher score indicating a greater degree of stress.  
The Physical Activity Enjoyment Scale (PACES) was used to determine each 
individual’s attitudes regarding physical activity (Cronbach’s α = .906) (Kendzierski and 
DeCarlo, 1991).  Participants completed a series of 18-items in which they place ratings 
on a series of continuums of feelings about physical activity: e.g.  “I like it”, or “I hate 
it”.  The continuum is rated on a 7-point scale, 1 (I like it) to 7 (I hate it), with a 4 
representing a neutral response between these anchors.  This is repeated for the 17 
remaining continuum anchors. This scale has been validated for use in an adolescent 
population (Dishman et al., 2005). 
For the purposes of this study, we created the “Exercise Efficacy Scale” to 
attempt to understand the self-efficacy levels associated with different intervals of 
running. This ten-item scale asked participants to identify “How confident am I that I 
could run for x minutes?” where x represents a value from 10, 20, 30…100 minutes. 
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Responses ranged from 0-100%, in 10% increments.  Scores were converted to a 1-10 
scale, and an average efficacy score was computed for each subject, with a higher score 
indicating a higher degree of running self-efficacy. A reliability assessment indicated that 
this scale was highly reliable (Cronbach’s α = .968). 
The Youth-Life Orientation Test was used to measure each participant’s optimism 
and pessimism about their life (Ey et al., 2005).  This 19-item measure uses a four-point 
response scale with anchors ranging from 0  (“Not true for me”) to 3 (“True for me”).  
This scale includes a global measure of optimism (Cronbach’s α =.81) , as well as two 
subscales – optimism (Cronbach’s α =.79) and pessimism (Cronbach’s α = .78).  
Confirmatory factor analyses by Williams et al. (2010) indicated that this scale was 
appropriate across ages and ethnicities. This measure was included to assess whether or 
not Marathon High was meeting one of its espoused goals “[To] develop optimism both 
internally and externally”. 
To assess the aerobic fitness effects of participation in Marathon High, we utilized 
timed-mile data that was collected by coaches at each school.  A pre-intervention mile 
time was collected at the earliest time point available.  This varied between schools, 
though all were collected within the first four weeks of the program.  Post-intervention 
mile times were recorded during the final two weeks of practice prior to the final race in 
February. 
Attendance at practice was also recorded by coaches, and used to determine if any 
observed psychological or fitness effects were the result of attending practice sessions. 
Cross-sectional comparisons on pre-program measures were conducted to 
determine if students who completed the program were different than those who dropped 
out. 
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PROCEDURES 
Participants were administered the psychometric measures listed above in a pre-
post format. Pre-testing occurred at the outset of the program (September), and again 
after the completion of program (March).  Marathon High coaches recorded mile times at 
several points throughout the program, but for the purposes of this research, we utilized 
mile times from September/October (the beginning of the program) and February (the 
final week of practice before the half/full marathon).  Coaches collected attendance data 
throughout the program and uploaded records to a central database for our use. 
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Results 
DESCRIPTIVE STATISTICS 
The final sample included 90 students, 55% of whom were female.  The average 
age was 13.49 years (SD = 1.64).  The number of valid cases for each measure varied, as 
some subjects did not complete all of the measures at both time points; n’s ranged 
between 29 and 54.  Descriptive data are presented in table 1.1. 
 
COMPARING PARTICIPANTS TO DROPOUTS 
The collection of pre-test data allows for a comparison of those who completed 
the program to those who elected to drop out. Participants who dropped out rated their 
enjoyment of physical activity significantly higher than participants who completed the 
program (F=16.161, p <. 001).  Additionally, completers rated themselves as significantly 
more positive about their lives than those who dropped out (F=5.324, p =. 023).  
Completers and dropouts did not differ in respect to their perceived stress levels, negative 
life orientation, or exercise efficacy.  
 
PRE-POST COMPARISONS 
Repeated-measures general linear models were used to calculate the pre-post 
differences for all outcome variables, both psychological and physical. Among the 
psychological variables examined, perceived stress level significantly decreased (n = 29, 
F= 6.779, p = .015, partial eta squared = .195) physical activity enjoyment significantly 
increased (n = 31, F = 39.383, p<. 001, partial eta squared .568), and exercise self-
efficacy significantly increased, (n = 31, F=35.914, p < .001, partial eta squared .545), 
(Table 2). 
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No significant effect was found on participant optimism (n=34, F=2.377, p=. 13) 
or pessimism, (n=34, F= .067, p = .798).  
Significant fitness effects were also found (n = 61, F =46.449, p < .001, partial eta 
squared = .436). 94% of participants experienced some degree of positive change in their 
demonstrated fitness, and on average participants experienced a 17% (SD = 16.71%) gain 
in aerobic fitness. 
 
FACTORS ASSOCIATED WITH THE CHANGE IN FITNESS 
Change in fitness was a significant predictor of post self-efficacy (R2 = .243, p<. 
001).  When controlling for pre-self-efficacy scores, fitness change was nearly a 
significant predictor (p=. 061). 
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Discussion 
CROSS-SECTIONAL ANALYSIS 
It is clear that this study achieved its goal of reaching those students who are most 
at-risk for sedentary behavior.  The Marathon High program was able to retain 
participants who rated themselves as having low-enjoyment of physical activity at the 
outset.  Common logic suggests that if an individual does not enjoy an activity, they are 
likely to stop participating; however, that was not the case in our program. Dropouts rated 
their enjoyment of physical activity more highly than completers.  It is possible that the 
individuals who dropped out did so to participate in another sport or physical activity 
opportunity, at the expense of Marathon High participation.  Follow-ups were not 
possible with the population of dropouts, and therefore this requires further assessment.  
A second minor difference between completers and dropouts was found in their 
ratings of optimism.  Completers rated themselves as significantly more optimistic than 
their dropout counterparts.  Research suggests that optimism in the face of difficult tasks 
is beneficial for persistence, and this difference in optimism may explain their continued 
participation (Graham and Williams, 2009). Regardless, these are relatively minor 
differences between groups.   
FITNESS 
Past physical activity intervention protocols have employed a variety of 
techniques to increase physical activity in hopes of impacting aerobic fitness (Ben Ounis, 
et al., 2010, Kaufmann et al, 2007, Lee et al. 2010). Among these, none to our knowledge 
examined the impacts of long-distance running on this outcome.  In the current research, 
participants completed a graded-aerobic training protocol across five months, and we 
demonstrated a significant positive change in aerobic fitness as measured through timed-
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mile data. This observed effect is especially important in the context of physical health.  
While even small doses of regular physical activity are enough to improve health 
(Haskell, et a., 2007) the positive health outcomes are maximized by an improvement in 
physical fitness (Millard-Stafford et al., 2013). Millard-Stafford’s systematic review 
included 28 randomized control studies on physical activity interventions that included a 
measure of aerobic fitness as an outcome variable. Aerobic fitness was inversely related 
to triglyceride levels (indicative of CVD), insulin sensitivity (related to diabetes), and 
waist circumference.  Increasing physical activity does not guarantee this change in 
fitness. A systematic review of children and teen physical activity interventions found 
that only 57% of interventions lead to a change in fitness (Kriemler, 2011).  
Fitness norms for the adolescent population are available in the form of VO2 max 
values from the National Health and Nutrition Examination Survey (NHANES) 
(Eisenmann, et al. 2011).  By utilizing the timed-mile conversion formula created by 
Boiarskaia et al. (2011), we converted the mile times for 7 subjects, and compared their 
VO2 estimations to the population norms.  (Only seven subjects had all of the variables 
needed to calculate an estimation of VO2 max).  Marathon High participants began the 
program at around the 60th percentile for VO2 max, and upon completion of the program 
were reclassified into the 80th to 90th percentile.  This demonstrates that our program 
targeted participants with an average level of fitness, not those who were already fit or 
very fit.   
The large effect size found in the current study may be explained by the amount 
of physical activity amassed during the Marathon High practices. The program offers 
participants the opportunity to engage in physical activity amounts well beyond the 
recommended weekly value (150 minutes).  Across the course of the program, the 
average time spent running is 150 minutes, with weekly values ranging from barely 20 
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minutes at the outset, to 300 minutes two weeks prior to the final race.  On average, 
students attended 52% of practices (SD = 23%), however our attendance data does not 
account for the length of each practice, an important variable as one practice per week 
was significantly longer than the other two.  Future iterations of this research should 
include a stronger objective measure of physical activity volume, such as accelerometry. 
PSYCHOLOGICAL OUTCOMES 
Stress 
In line with past research (Sallis et al., 2002), physical activity participation was 
associated with a significant reduction in perceived stress levels. These results suggest 
that the stress-relieving benefits of physical activity need not be associated with great 
financial cost, if the mode of exercise is marathon training.  This program, which requires 
very few resources, represents an activity that can be engaged in by any member of the 
adolescent population (barring physical or mental handicap).  Interestingly, percentage of 
practice attended did not predict the change in PSS score. Given this, it is possible that 
the benefits of participating in group-exercise may not be directly related to the amount 
of physical activity amassed, as much as it is to social support provided by the group. No 
measures in the current study attempted to assess social support, but this is an interesting 
question for future research. 
The ability to reduce perceived stress is an important feature of the current 
program because stress is linked to a variety of negative physical and mental health 
outcomes. Casement et al., (2013) demonstrated that stressful life events during 
adolescence are linked to early adulthood problematic use of alcohol, and animal models 
suggest that exposure to unpredictable life stress during adolescence is associated with 
increased anxiety.  The relationship between adolescent stress and long-term health 
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outcomes suggests that the impact of Marathon High in this domain is especially 
important. The reduction in perceived stress may be related to the program’s impact on 
self-efficacy.  
Self-Efficacy 
Marathon High participation leads to a significantly greater degree of exercise-
related self-efficacy.  The positive relationship between self-efficacy and physical 
activity has been previously identified (Shields et al. 2009, Sallis et al. 2000), and these 
results add to a growing body of literature on the topic. Adolescent self-efficacy for 
exercise predicts behavior for both acute and chronic bouts (Hagger et al., 2002), 
indicating that increasing self-efficacy can impact health throughout and beyond 
adolescence. Self-efficacy development in adolescence is not only important for health 
outcomes, but also for social functioning. Research on coping mechanisms and stress 
suggest that self-efficacy is an important resource for dealing with stressors in 
adolescence (Cicognani, 2011). High self-efficacy is related to the development of 
effective problem solving strategies, and setting higher goals (Locke and Latham, 2002). 
Effective problem solving skills are especially important to develop during adolescence, 
and increasing self-efficacy is one way to promote such behavior.   
In 2013, 16,230 marathon finishers were under the age of 20 (RunningUSA 
Annual Marathon Report, 2014).  This represents just .038% of the total US population 
ages 10 to 19 (U.S. Census Bureau, 2013).  Clearly, the vast majority does not have 
personal experience with marathon running, and as such cannot rely on their past 
behaviors to build self-efficacy. An intervention must then target the other malleable 
sources of self-efficacy: vicarious experience, and persuasion. Dishman et al. (2009) 
demonstrated that the success of a physical activity intervention is partially mediated by 
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perceptions of self-efficacy.  The authors argue that self-efficacy enhancement should be 
targeted through several different channels, and recommended  “using approaches that 
[favor] small groups and cooperative and successful learning experiences.”  Furthermore, 
that the interventions should facilitate mastery experiences in a noncompetitive 
environment, with appropriate models for behavior.  Marathon High meets both of these 
recommendations. 
As this result demonstrates, self-efficacy is a factor that is modifiable, a concept 
that was previously reported in a paper by Sallis and colleagues (2000). Past research has 
found that self-efficacy partially mediates the success of physical activity interventions 
(Dishman et al., 2009, Lewis et al., 2002), and is therefore an important variable to 
include in physical activity intervention designs. Due to the limited sample, a mediation 
analysis was not possible, however self-efficacy may be a mediator for both reduced 
stress, and sustained physical activity behavior in the current intervention.    
Enjoyment 
Physical activity enjoyment was also significantly impacted across the course of 
the Marathon High program.  Enjoyment of physical activity is important for sustained 
behavior; self-rated enjoyment of physical activity is a significant predictor of engaging 
in various types of physical activity (Salmon et al., 2003). The positive effect on physical 
activity enjoyment is unsurprising in the context of past research.  Dishman et al. (2005) 
concluded that physical activity enjoyment was a partial mediator to the positive effects 
of an intervention on physical activity behaviors. Though a mediation analysis was not 
possible using the current data, the pattern of observed effects is consistent with existing 
literature. 
 19 
THE MARATHON HIGH PROGRAM IN CONTEXT 
The importance of these results may lay in the novelty of the exercise program.  
Physical activity interventions with the adolescent population have been plentiful, 
however their effects have been far from consistent. Many past interventions are founded 
on the recommendations catalogued in the CDC’s “Guide to strategies to increase 
physical activity in the community (2011)”.  The school-based strategy suggests 
understanding competing interests within schools, and notes the common need for 
additional resources such as age-appropriate sporting equipment, teachers, and money. 
School-based interventions run the risk of interrupting valuable instruction time in the 
classroom, which may limit their impact on physical activity behavior. Additionally, 
physical activity interventions have traditionally been cumbersome to implement and 
sustain.  The requirement of specialized staff and equipment is a limiting factor to 
adoption of long-term interventions for physical activity behavior change.  Therein lies 
the importance of the Marathon High program.  This intervention does not compete for 
instructional time, and does not require special equipment, or a particular physical 
environment (such as a field or court). Running groups can be supported with minimal 
resources and effort, and yet as the results demonstrate, may still have a profound impact 
physically and psychologically.  
The Marathon High program is consequential not only because it can exist with 
minimal assistance, but also because the mode of physical activity can be reasonably 
sustained throughout adolescence and into adulthood. Physical activity modality and 
volume are not consistent across the lifespan. Children and teens tend to engage in more 
team sport-related activities, whereas adults accumulate physical activity through 
individual fitness activities such as weightlifting and running (Sports and Fitness Industry 
Association report, 2013).  Unlike physical activity interventions that focus on sport-
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specific skill development, or games, running is a physical activity that is more “adult-
like”.  
This shift in exercise modality is an indicator of a transitional life period. 
Research exists on the impacts of life changes and transition periods on physical activity 
behavior, however, it is limited. These life changes have been operationalized as a job or 
school change, change in marital status, having children, and entering retirement 
(Hirvensalo and Lintunen, 2011), For the purposes of the current research, we have 
chosen to operationalize adolescence as a period of transition, as it is a period associated 
with a great number of physical, psychological and emotional changes. The reduction in 
physical activity associated with entering and progressing through adolescence may have 
significant lasting physical and psychological impacts, as it has been demonstrated that 
physical activity in adolescence is predictive of adult physical activity (Hirvensalo and 
Lintunen, 2011, Hallal et al., 2006).  Consequently, the effects of decreased physical 
activity behavior during adolescence are two-fold.  Firstly, individuals who do not meet 
the recommendations for physical activity during adolescence are not obtaining the 
positive health outcomes and risk-mitigating effects of physical activity during those 
years.  Secondly, if behavior in adolescence is predictive of adult physical activity 
patterns, individuals who do not develop healthy physical activity habits in adolescence 
are not likely to reap the long-term benefits.  
Timing of the intervention is key.  Adolescence represents a transitional period 
where both short-term and long-term health outcomes may be impacted, and therefore 
interventions that target this population are extremely important. Mental health in 
adolescence and throughout adulthood tends to be relatively stable (Schulenburg and 
Zarrett, 2006), which implies that individuals who are experiencing difficulties in 
adolescence are likely to continue those throughout adulthood.  Interventions that can 
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address mental health outcomes, such as stress levels and self-efficacy have the potential 
to impact participants across their lifespan. 
LIMITATIONS AND FUTURE DIRECTIONS 
The results presented here demonstrate that further analysis of this program is 
warranted.  The sample size limited the scope of this assessment.  Specifically, a larger 
sample would be valuable to understand the role of mediators, such as self-efficacy, on 
program success, as well as the impact of potential covariates such as age, past 
participation, and gender. 
The current research is an analysis of an existing physical activity program, and 
therefore is limited by a lack of randomization.  This could mean that the individuals who 
chose to participate in Marathon High are fundamentally different from individuals who 
may have chosen a different after-school activity, such as a team sport or an academic 
club. We were unable to access an appropriate control group, thus future assessments 
should include a non-Marathon High group, to understand the true magnitude of effects.  
There are three suggested comparison groups – first, students who are enrolled in a 
school-based physical activity program, secondly, students who participate in school-
sponsored athletics, and finally, a group enrolled in an after school activity that is not 
physical activity focused.   
Future research on the Marathon High participants, (and appropriate comparison 
groups), should also include an objective measure of physical activity volume.  Although 
we can infer from the positive fitness effects we observed, we cannot unequivocally state 
that the Marathon High participants amassed the recommended amount of physical 
activity per practice.  This is a clear limitation, and should be addressed in the future. 
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A longitudinal research model would be helpful in assessing the program’s impact 
beyond the 5-month intervention period.  Of particular interest would be participants 
running and physical activity behaviors, and whether or not those were impacted by 
Marathon High participation. Furthermore, it would be interesting to examine if stress 
and self-efficacy gains were sustained beyond the program’s period. 
There are several variables of interest that were not included in the current study.  
The relationship between physical activity and academic performance is an area that 
holds great potential for future research.  Also not addressed were measures of cognitive 
function.  Past research on both academic performance and cognitive function in relation 
to physical activity has shown that there may be measureable positive impacts of 
adolescent exercise participation on cognition (Chaddock, 2012).  An assessment of 
Marathon High’s ability to impact these constructs is warranted. 
In popular media, (e.g., Runner’s World Magazine, The Atlantic) there has been 
some discussion about the appropriateness of distance running for children and 
adolescents, however the issue has not been empirically examined.  While there were few 
reported injuries during the Marathon High program, we did not conduct a formal 
assessment of this topic.  Future research on marathon training for adolescents should 
assess physiological changes associated with this protocol, to ensure injuries are not 
sustained. 
Despite these limitations, there are clear strengths.  The program’s exercise 
volume and modality are unique. To our knowledge, no past interventions have examined 
marathon training as a mode of exercise for adolescents nor has any past intervention 
provided the volume of physical activity equivalent to Marathon High.  Marathon 
training represents a novel physical activity intervention with significant impacts on 
aerobic fitness and psychological factors.  The magnitude of the effect sizes, despite the 
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limited sample, shows that Marathon High is a valid physical activity program with 
substantial impacts on adolescent physical and mental health. 
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Conclusion 
The Marathon High program represents a viable physical activity intervention 
model that requires few resources, yet has significant impacts on participant stress levels, 
physical activity enjoyment, self-efficacy and aerobic fitness.  The encouraging results 
presented here justify further research on physical activity programs that focus on 
marathon training.  Future analysis of this program should involve randomization and 
comparison groups, as well as an objective measure of physical activity volume. 
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Table 1: Sample descriptive statistics  
Age Female Male Total 
Unknown 6 4 10 
9 0 1 1 
11 8 5 13 
12 11 7 18 
13 12 15 27 
14 6 4 10 
15 2 0 2 
16 1 3 4 
17 4 1 5 
Total 50 40 90 
 
Table 2: Repeated measures statistics  
Measure Pre 
Value 
Pre 
SD 
Post 
Value 
Post 
SD 
p-value 
Timed-Mile 11.012 2.142 8.202 3.391 p < .001 
Perceived Stress Score 19.655 5.115 17.31 6.059 p = .015 
Physical Activity Enjoyment Scale 69.581 34.385 108.097 14.693 p < .001 
Exercise Self-Efficacy 4.675 2.458 7.565 2.25 p < .001 
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